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(571 ABSTRACT

A process for producing pre-foamed particles of a poly-
propylene resin which comprises expanding original
pre-foamed particles of a polypropylene resin, said orig-
inal pre-foamed particles having the following relation

2<Edxnt<4s

wherein E is the expansion ratio of the original pre-
foamed particles, and n is the number of cells per
mm? of the cross section of the original pre-foamed
particles,
by (1) imparting expanding ability to the original pre-
foamed particles and then heating them with a heated
gas to the heat distortion temperature of the base resin
of the pre-foamed particles or a higher temperature or
(2) heating the original pre-foamed particles with steam
to the heat distortion temperature of the base resin of
the particles or a higher temperature with or without
imparting expanding ability thereto, whereby pre-
foamed particles having an expansion ratio higher than
the original expansion ratio E are obtained.

9 Claims, 2 Drawing Figures
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PROCESS FOR PRODUCING PRE-FOAMED
PARTICLES OF POLYPROPYLENE RESIN

This invention relates to a process for producing
pre-foamed particles of a polypropylene resin. More
specifically, this invention relates to a process for pro-
ducing pre-foamed particles of a polypropylene resin
having good moldability.

Foamed polystyrene and foamed polyethylene have
long been used widely as cushioning materials, packag-
ing materials, etc. Recently, foams of polypropylene-
type resins have also come into use. The present appli-
cant already filed a patent application for a process of
obtaining pre-foamed particles used in the bead molding
of polypropylene-type resins (Japanese Patent Publica-
tion No. 1344/1981). This process is innovative in that
pre-foamed particles of a relatively high expansion ratio
can be obtained by a simple procedure from polypro-
pylene resin particles which are considered to be very
difficult to foam. It, however, has the following prob-
lems, and is still desired to be improved.

(1) Although pre-foamed particles of a relatively high
expansion ratio can be obtained, their expansion ratio is
about 25 at the highest. If an attempt is made to obtain
higher expansion ratios, the proportion of closed cells in
the product decreases and the product cannot be sub-
mitted to molding.

(2) The resulting pre-foamed particles tend to have
minute cells. With such pre-foamed particles, it is diffi-
cult to obtain foamed articles having good dimensional
accuracy and high stiffness.

An object of this invention is to provide a process
which can produce pre-foamed particles of a polypro-
pylene resin having a high expansion ratio of, for exam-
ple, about 30 to 100 and yet a large proportion of closed
cells by a simple procedure.

Another object of this invention is to provide a pro-
cess for easily producing pre-foamed particles of a poly-
propylene resin which, whether of 2 low or high expan-
sion ratio, have good moldability and can give molded
articles having high stiffness and good dimensional
accuracy.

The present inventors have made extensive investiga-
tions in order to achieve the above objects. These inves-
tigations have led to the discovery that pre-foamed
particles having an increased expansion ratio and an
increased cell diameter (a decreased number of cells)
can be obtained by heating original pre-foamed particles
of a polypropylene resin having a specified relation
between the expansion ratio and the number of cells to
the heat distortion temperature of the base resin of these
particles or a higher temperature either (1) with a
heated gas after imparting expanding ability thereto, or
(2) with steam with or without imparting expanding
ability thereto, and that these pre-foamed particles have
excellent moldability and give foamed articles having
good dimensional accuracy and high stiffness.

According to this invention, there is provided a pro-
cess for producing pre-foamed particles of a polypro-
pylene resin, which comprises expanding original pre-
foamed particles of a polypropylene resin, said original
pre-foamed particles having the following relation

2<E¥xnt<4s
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wherein E is the expansion ratio of the original pre-
foamed particles, and n is the number of cells per mm?
of the cross section of the original pre-foamed particles,
by (1) imparting expanding ability to the original pre-
foamed particles and then heating them with a heated
gas to the heat distortion temperature of the base resin
of the pre-foamed particles or a higher temperature or
(2) heating the original pre-foamed particles with steam
to the heat distortion temperature of the base resin of
the particles or a higher temperature with or without
imparting expanding ability thereto, whereby pre-
foamed particles having an expansion ratio higher than
the original expansion ratio E are obtained.

Examples of the polypropylene resin used in this
invention include a homopolymer of propylene, an
ethylene-propylene random copolymer, an ethylene-
propylene block copolymer, and mixtures of these. The
ethylene-propylene random copolymer is particularly
preferred.

The original pre-foamed particles of the polypropyl-
ene resin used in the foaming process of the invention
are pre-foamed particles having the following relation

2<E¥xnt<as

wherein E is the expansion ratio of the original pre-
foamed particles, and n is the number of cells per
mm? of the cross section of the original pre-foamed
particles.
If E¥ xn! is 2 or less, pre-foamed particles obtained by
heat-expanding the original pre-foamed particles have
too large cells, and foamed articles having good proper-
ties cannot be obtained from them.

When E# X n? is 45 or more (namely, when the expan-
sion ratio E is extremely high, and/or the number n of
cells is extremely large), shrinkage is liable to occur in
these pre-foamed particles during heat-expanding, and
the foaming efficiency becomes very poor. If expanding
is effected forcibly, the ratio of closed cells in the prod-
uct will be decreased. Foamed articles obtained by
using these pre-foamed particles have poor dimensional
accuracy and unsatisfactory properties.

The original pre-foamed particles to be expanded by
the process of this invention can be obtained, for exam-
ple, by feeding polypropylene resin particles, a volatile
blowing agent and a dispersing medium into a closed
vessel, heating them to a temperature above a point at
which the resin particles soften, thereafter opening one
end of the vessel, and releasing the resin particles and
the dispersing medium simultaneously into an atmo-
sphere kept at a lower pressure than the inside of the
vessel.

According to a first embodiment, i.e. the process (1),
expanding ability is first imparted to the original pre-
foamed particles. This can be achieved by including an
inorganic gas, a volatile blowing agent, or a mixture of
these into the pre-foamed particles so that the internal
pressure usually reaches 1.5 to 10 kg/cm? (abs.) al-
though this differs depending upon the desired expan-
sion ratio. Air, nitrogen, argon, helium, carbon dioxide,
etc. can be cited as the inorganic gas. Usually, air is
employed. Examples of the volatile blowing agent in-
clude aliphatic hydrocarbons such as propane, butane,
pentane and hexane; alicyclic hydrocarbons such as
cyclobutane and cyclopentane; and halogenated hydro-
carbons such as trichlorofluoromethane, dichlorodiflu-
oromethane, dichlorotetrafluoroethane, methyl chlo-
ride, ethyl chloride and methylene chloride.
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The original pre-foamed particles to which expand-
ing ability has been imparted as above are then heated
with a heated gas to the heat distortion temperature of
the base resin of the particles or a higher temperature.
When the heating temperature is below the heat distor-
tion temperature, the diameter of the resulting cells
does not become large, and an increase in expansion
ratio is difficult to obtain. The upper limit of the heating
temperature is the highest of temperatures at which the
original pre-foamed - particles can be expanded well
without melt adhesion. Usually, it is a temperature
about 15° C. higher than the melting point of the parti-
cles. There is no particular limitation on the heating
time. Generally, it is not more than 8 minutes, prefera-
bly not more than 7 minutes.

In the process (1) described above, the expanding
operation is not limited to one operation. If desired,
after one expanding operation, the pre-foamed particles
may again be subjected to a procedure of imparting
expanding ability to them and expanding them by heat-
ing with a heated gas. Such an operation may be re-
peated any desired number of times so long as the origi-
nal pre-foamed polypropylene resin particles satisfy the
relation 2<Eixnt<45. In the process (1) described
above there may be used air, nitrogen, argon, helium,
carbon dioxide, dichlorodifluoromethane, trichloroflu-
oromethane, dichlorotetrafluoroethane etc. as the gas.
Usually, air is preferably used.

In a second embodiment of this invention, i.e. the
process (2), the original pre-foamed particles of the
polypropylene resin are heated with steam to the heat
distortion temperature of the base resin of the particles
or a higher temperature with or without imparting ex-
panding ability thereto in advance.

In the process (2), the operation of imparting expand-
ing ability to the original pre-foamed particles is not
essential. However, when the original pre-foamed parti-
cles are to be expanded to a ratio of at least 1.4 or the
original pre-foamed particles have an expansion ratio of
not more than 10, highly expanded foamed particles
cannot be obtained by one expanding operation, and
therefore expanding ability is preferably imparted to
them beforehand.

Heating in the process (2) for expanding is carried out
by feeding into a vessel original pre-foamed particles, to
which expanding ability has been, or has not been, im-
parted, and introducing steam directly into the vessel
with stirring. For example, steam having a pressure of
0.5 to 3 kg/cm?(G) is usually employed as the steam.
The heating time is usually not more than 1 minute,
preferably not more than 30 seconds. Use of steam
makes it possible to perform heating within a shorter
period of time than in the case of using a heated gas.
Consequently, the productivity increases.

The operation in the process (2) is not limited to one
operation. Pre-foamed particles obtained by one heat-
expanding may again be subjected to a procedure of
heating them with steam with or without imparting
expanding ability. Such an operation may be repeated
any desired number of times so long as the original
pre-foamed particles of the polypropylene resin to be
expanded satisfy the above-specified relation.

It is even possible to heat-expand the pre-foamed
particles once by the process (1) and then again heat-
expand them by the process (2), or to heat-expand them
once by the process (2) and then again heat-expand
them by the process (1), or to use a combination of the
process (1) and the process (2) in any other sequences.
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The heat distortion temperature, as used herein, is
measured at a stress of 4.6 kg/cm? in accordance with
ASTM D-648. The polypropylene resins used in this
invention preferably have a heat distortion temperature
of 80° to 130° C. :

The expansion ratio E in this invention denotes a true
expansion ratio. The true expansion ratio is a reciprocal
of the quotient of the density of the original pre-foamed
particles divided by the density of the base resin. The
density of the original pre-foamed particles can be de-
termined, for example, by putting the pre-foamed parti-
cles of a known weight into a predetermined amount of
water previously added to a measuring cylinder, mea-
suring the entire volume of the contents of the measur-
ing cylinder, subtracting the volume of water originaily
present from the entire volume to obtain the volume of
the pre-foamed particles, and dividing their weight by
their volume.

The expansion ratio of pre-foamed particles obtained
by this invention is usually at least 1.15 times, for exam-
ple 3 to 100 times, preferably 10 to 60 times, the expan-
sion ratio of the original pre-foamed particles, and these
pre-foamed particles contain 0.1 to 200 cells per mm?2.

The pre-foamed particles obtained by this invention
are used for the production of foamed molded articles.
The pre-foamed particles are first aged for a predeter-
mined period of time at room temperature and atmo-
spheric pressure, and then further aged for a predeter-
mined period of time under a predetermined pressure
using an inorganic gas such as nitrogen or air, or a mix-
ture of an inorganic gas and a volatile blowing agent.
The pre-foamed particles to which an internal pressure
has been imparted by the pressurized aging are then
filled, for example, in a mold having on its surface small
holes through which a heated medium such as steam
can pass, and heated, for example, with steam under a
pressure of 2 to 5 kg/cm? (G). As a resuit, a foamed
article conforming to the mold is obtained.

Foamed articles of polypropylene resins obtained by
using the pre-foamed particles produced by the process
of this invention can be used in a variety of applications,
for example as packaging materials, cushioning materi-
als, heat insulating materials, building materials, vehicle
parts, floating materials, foodstuff containers, etc.

As stated hereinabove, pre-foamed particles of a
polypropylene resin having a high expansion ratio and a
lesser number of cells per mm? of their cross section can
be obtained. Foamed articles produced from these pre-
foamed particles have good dimensional accuracy,
good melt-adhesion between the particles, high flexibil-
ity, etc.

The following Examples and Comparative Examples
specifically illustrate the present invention.

The accompanying drawings are graphs for illustrat-
ing the Examples in detail. FIG. 1 shows the relation
between the ratio of change in volume and the heating
temperature in Example 2, and FIG. 2 shows the rela-
tion between the ratio of change in volume and the
heating time in Example 3.

EXAMPLE 1

An internal pressure of 2.20 kg/cm? (abs.) was im-
parted by air to original pre-foamed particles of an
ethylene-propylene random copolymer (melting point
145° C.; heat distortion temperature 95° C.) having an
expansion ratio (E) of 16 and each of the number (n) of
cells shown in Table 1 which had been obtained by a
conventional method. The particles were then main-
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tained in a hot air oven at 145° C. for 1 minute. The  ratio 24; the number of cells 40 per mm2; Et X nt=15.6)
original pre-foamed particles to which expanding abil- of an ethylene-propylene random copolymer (melting

ity was thus imparted were aged for 2 days with air point 145° C., heat distortion temperature 95° C.). The
under a pressure of 3 kg/cm? (abs.). Then, the particles original pre-foamed particles to which expanding abil-
were filled in a mold, and heated with steam under 3.2 5 ity was imparted were maintained in a hot air oven for
kg/cm?(G) to obtain a foamed article. The dimensional 1 minute at each of the temperatures shown in Table 2,
accuracy and the melt-adhesion of the foamed article  and then treated in the same way as in Example 1 to
were measured, and the results are shown in Table 1. obtain a foamed article. The results are shown in Table
2.

COMPARATIVE EXAMPLE 1 10 For comparison, a foamed article was produced in

Foamed articles were obtained by repeating Example the same way as above except that the temperature of

1 except that original pre-foamed particles having the the hot air oven was changed to 90° C. The results are

numbers of cells shown in Table 1 were used. The re- shown in Table 2. The relation between the heating
sults are shown in Table 1. temperature and the ratio of change in the volume of
TABLE 1
Original Pre-foamed
pre-foamed particles Foamed article
particles after treatment Dimen- Melt
Number Number Expan- Expan-  sional adhe-  Overall
ofcells E! x  ofcells sion sion accuracy sion evalu-
permm? o} permm? ratio ratio 1 (*2) ation
Example I
a 1.4 3 1 27 43
b 31 14 19 32 51
c 252 40 170 29 46
Comparative
_Example]
a 0.2 15 0.29 22 34 X X
b 567 60 489 25 38 A A
c 1010 105 1500 20 28 X X

(*1): The dimensional accuracy was evaluated by the shrinkage of the foamed molded article on the following scale.

1 to less than 3%:

3 to less than 4%: A

4% or more: X
(*2): The adhesion was determined as follows:-A test sample, 150 mm long, 50 mm wide and 10 mm thick, was pulled
by a Tensilon tester at a rate of 500 mm/min. until fracture occurred. The melt adhesion of the sample was evaluated
by the state of its cross section on the following scale.

Material destroyed:

Material destroyed and A
breakage occurred between

the particles:

Breakage occurred between X
the particles:

EXAMPLE 2 AND COMPARATIVE EXAMPLE 2 the pre-foamed particles was shown in FIG. 1.
An internal pressure of 2.4 kg/cm? (abs.) was im-
parted by air to original pre-foamed particles (expansion

TABLE 2

Pre-foamed particles after treatment
Temperature Foamed article
of the Dimen-  Melt
hot air Expan- Number State of Expan-  sional adhe- Overall
oven sion of cells the sion  accuracy sion evalua-
¢C) ratio  per mm? particles ratio N (*2) tion

Example2

a 105 33 24 Surface 52
lustrous,
no melt-
adhesion.

b 125 38 21 Surface 60
lustrous,
no melt-
adhesion.

c 145 47 19 Surface 75
lustrous,
no melt-
adhesion.

d 160 53 17 Surface 84
lustrous,
some
melt-
adhesion

) occurred.
Compara- 90 24 40 No change — — — —
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TABLE 2-continued
Pre-foamed particles after treatment
Temperature Foamed article
of the Dimen-  Melt
hot air Expan- Number State of Expan-  sional adhe-  Overall
oven sion of cells the sion accuracy  sion evalua-
C) ratio per mm? particles ratio 1 *2) tion
tive from the
Ex. 2 original
pre-foamed
particles.
(*1) and (*2): Same as the footnote to Table 1.
EXAMPLE 3 15 EXAMPLE 4

An internal pressure of 3.5 kg/cm?(abs.) was im-
parted by air to original pre-foamed particles (expansion
ratio 16; the number of cells 60 per mm2; Et Xnt=19.5)
of an ethylene-propylene random copolymer (melting

point 145° C., heat distortion temperature 95° C.). Then, 20

these particles were maintained in a hot air oven at 150°
C. for each of the time periods shown in Table 3. An
internal pressure of 1.8 to 2.2 kg/cm? (abs.) was im-
parted by air to the pre-foamed particles, and the parti-

Three types of original pre-foamed particles A, B and
C having different expansion ratios and different num-
bers of cells (A: expansion ratio 11, the number of cells
40 per mm2, E}xni=14.1; B: expansion ratio 16, the
number of cells 60 per mm?, E¥ Xnt=19.5; C: expansion
ratio 24, the number of cells 80 per mm?2, E¥ X n}=25.8)
of an ethylene-propylene random copolymer were
given each of the internal pressures shown in Table 4,
and maintained in a hot air oven at 145° C. for 1 minute.

cles were filled in a mold. They were heated with steam 25 Then, an internal pressure of 1.8 to 2.5 kg/cm? (abs.)

under 3.2 kg/cm? (G) to obtain a foamed article. The
results are shown in Table 3.

The relation between the heating time and the ratio of
change in the volume of the pre-foamed particles is
shown in FIG. 2.

was imparted by air to these pre-foamed particles, and
they were heated with steam having 3.2 kg/cm? (G) in
a mold to obtain a foamed article. The results are shown
in Table 4. -

TABLE 3
Pre-foamed particles after treatment
Temperature Foamed article
of the Dimen-  Melt
hot air Expan- Number State of Expan- sional adhe- Overall
. oven sion of cells the sion accuracy sion evalua-
(*C) ratioc per mm? particles  ratio (*1) (*2) tion
a 1 47 29 Surface 75
lustrous;
no melt-
adhesion
b 3 39 33 Surface 62
lustrous;
no melt-
adhesion
c 5 31 38 Surface 49
lustrous;
no melt-
adhesion
d 7 22 48 Surface 35
lustrous;
no melt-
adhesion
(*1) and (*2): Same as the footnote to Table 1.
TABLE 4
Internal
pressure Pre-foamed particles Foamed article
of the after treatment Dimen- Meit
particles Expan- Number State of Expan-  sional adhe- Overall
(kg/cm? - sion of cells the sion  accuracy  sion evalu-
Example 4 abs.) factor per mm2 particles ratio D (*2) ation
A a 3.75 30 21 Surface 48
lustrous,
no melt-
adhesion
b 4.25 34 19 Surface 54
lustrous,
no melt-
adhesion
c 4.6 39 18 Surface 62

lustrous,
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TABLE 4-continued

10

Internal

pressure Pre-foamed particles

Foamed article

of the
particles
(kg/cm? .
abs.)

after treatment
Number State of
of cells the
per mm? particles

Expan-
sion
ratio

Expan-
sion

Example 4 factor

Dimen-
sional
accuracy

*1)

Melt
adhe-
sion

(*2)

Overall
evalu-
ation

no meit-
adhesion
Surface

lustrous,
no melt-
adhesion
Surface

lustrous,
no melt-
adhesion
Surface

lustrous,
no melt-
adhesion
Surface

lustrous,
no melt-
adhesion
Surface

lustrous,
no melt-
adhesion
Surface

lustrous,
no melt-
adhesion

2.02 30 39 48

e 3.05 30 70

56 26 89

1.90 36 58 57

2.60 48 50 76

62 42 98

EXAMPLES 5 AND 6 AND COMPARATIVE
EXAMPLE 3

Original pre-foamed particles of an ethylene-propy-
lene random copolymer (melting point 145° C.) having
each of the internal pressures shown in Table § and
obtained by a conventional method were fed into a
vessel, and with stirring, directly heated with steam
having each of the pressures shown in Table 5. An
internal pressure of 2.5 kg/cm? (abs.) was imparted by
air to the resulting pre-foamed particles. Then, these
pre-foamed particles were filled in a mold, and heated
with steam at 3.2 kg/cm? (G) to obtain a foamed article.
The dimensional accuracy and the melt adhesion of the

foamed article were measured. The results are shown in 45

original pre-foamed particles having the following rela-
tion

2< Eixnt <45

wherein E is the expansion ratio of the original pre-
foamed particles, and n is the number of cells per
mm? of the cross section of the original pre-foamed
particles,
by (1) including an inorganic gas, a volatile blowing
agent, or a mixture of these into the original pre-foamed
particles so that the internal pressure reaches 1.5 to 10
kg/cm? (abs), and expanding ability is imparted to the
original pre-foamed particles and then heating them
with a heated gas to a temperature of from the heat

Table 5. distortion temperature of the base resin of the pre-
TABLE 5
Original pre- Pre-foamed
foamed particles - particles after Foamed article
Internal  Pres- treatment Dimen-  Melt
Expan- Number pressure  sure  Number Expan- Expan-  sional adhe-  Overall
sion ofcells Eix (kg/em?- of of cells sion sion accuracy sion evalu-
ratio  per mm? n abs.) steam per mm ratio ratio *1) (*2) ation
Example 5
a 10 345 40 2.5 2.0 204 22 35
b 19 56 20 2.1 2.5 33 42 67
c 28 1 3 1.5 22 0.8 38 61
Comparative
_Example3
a 10 0.5 1.5 24 2.0 0.3 23 37 X X
b 28 390 60 1.2 22 330 36 55 A A
c 28 1000 96 1.4 22 1080 25 34 X X
Example 6 19 56 20 1.0 2.5 48 24 38

(*1) and (*2): Same as the footnote to Table 1.

‘What we claim is:

1. A process for producing pre-foamed particles of a
polypropylene resin which comprises expanding origi-
nal pre-foamed particles of a polypropylene resin, said

65

foamed particles, which is from 80° to 130° C, to a
temperature 15° C. higher than the melting point of the

base resin of the pre-foamed particles of (2) heating the

original pre-foamed particles with steam to a tempera-
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ture of from the heat distortion temperature of the base
resin of the particles which is from 80° to 130° C. to a
temperature 15° C. higher than the melting point of the
base resin of the pre-foamed particles with or without
imparting expanding ability thereto by including an
inorganic gas, a volatile blowing agent, or a mixture of
these into the original pre-foamed particles so that the
internal pressure reaches 1.5 to 10 kg/cm? (abs),
whereby pre-foamed particles having an expansion ratio
higher than the original expansion ratio E are obtained.

2. The process of claim 1 wherein the polypropylene
resin is a homopolymer of propylene, an ethylene-pro-
pylene random copolymer, and ethylene-propylene
block copolymer, or a mixture of these.

3. The process of claim 1 wherein the gas is air, nitro-
gen, argon, helium, carbon dioxide, dichlorodifluoro-

10
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methane, trichlorofluoromethane, dichlorotetrafluoroe-
thane or a mixture of these.

4. The process of claim 3 wherein the gas is air.

5. The process of claim 1 wherein the operation 2 is
carried out and the stream has a pressure of 0.5 to 3 kg
cm? (G).

6. The process of claim 1 wherein the operation (1) or
(2) is repeated at least twice.

7. The process of claim 5 which includes the step of
imparting the expanding ability to the original pre-
foamed particles. )

8. The process of claim 5 wherein the time of heating
the original pre-foamed particles with steam is not more
than 1 minute.

9. The process of claim 1 wherein the operation (1) is

carried out.
* * * * *
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